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Introduction
A substantial body of research now exists that examines the impact of different measures of educational outcomes on both individual and economy-wide performance. This work has reflected a shift away from measures of educational inputs, such as years of schooling, to those that attempt to capture the value of the education that has been imparted. Hanushek and Woessman (2007 , for example, have argued that differences in the quality of education matter more in explaining cross-country differences in productivity growth than differences in the average number of years of schooling or enrolment rates.
Our paper extends this emphasis to look in detail at the quality of the education in a country -Russia -that as a previously planned economy was widely assumed to have generated better human capital than economies at broadly comparable levels of income.
Although subsequent research has rather qualified this assumption -at least in the context of other transition economies 2 -little analysis has yet been done using individual educational scores, let alone in a way that allows cross-country and within-country comparison.
Transition has involved large and persistent shocks to physical capital stocks and, in some instances, large shifts in the composition of output. This has had implications for human capital, both through a shift in demand for particular skills as well as through the direct effect of resource allocations to education spending. In Russia, two significant processes have been at work. The first has involved the destruction or contraction of broad based manufacturing and the growing preponderance of natural resources in the structure of output and trade. One expectation could be that as the productive base of the economy has narrowed so will have the underlying skills or capability set. This narrowing might in turn have limited the ability to induce any further diversification of the economy.
The second has been the impact of policy in the education sector, where a series of attempts at institutional change have been put in place. There have also been significant annual fluctuations in the volume of resources allocated by government to education.
Indicatively, in the early 1970s roughly 7% of GDP was allocated to education. By the early 1990s this had fallen to around 3.5%, approaching 4% by 2006/7. In 1992 a new law mandated that spending on education should not fall below 10% of the federal budget. In the last decade, this threshold has been reached or exceeded.
Our paper uses two sets of international achievement scores -PISA and TIMMSto examine differences in scores across a large group of countries sampled in these datasets, including Russia. It then tries to explain the variation in scores within Russia. By using both datasets, we are able to cover not only a range of disciplines from reading to mathematics and science but also to introduce a comparative element into the analysis.
Needless to say, there are important caveats when using large multi-country datasets like PISA and TIMSS. Countries have very different educational systems -Russia and its Soviet legacy is a clear case in point -and there is a large set of possible country attributes that could be used to explain differences across countries 3 . Further, while these scores can be helpful in seeing how students perform in standardised tests in key disciplines, they are not necessarily very informative about the actual skills being acquired by those students, and hence their labour market prospects. Evidence from other transition countries that has looked explicitly at the relation between education and skills has found a surprisingly weak association. This has led employers to make hiring decisions based on attributes -such as age -rather than on reported educational attainment or degrees 4 . This apparent decoupling obviously raises some important questions as to the possible policy conclusions that can be drawn.
As regards the measurement of educational attainment, TIMSS explicitly measures achievements relative to the curriculum, much of which in Russia remains only partially reformed. TIMSS is focussed on mathematics and science. By contrast, in PISA there is an explicit attempt to measure abilities that are needed to function in a modern economy and the instrument is hence explicitly dissociated from the formal curriculum. As well as mathematics and science, PISA also measures reading abilities. Using both datasets, despite their different methodologies provides the widest possible angle on how students, Russians in particular, perform across different disciplines as well as across time.
In the text, we report results from the PISA dataset, presenting complementary results from the analysis of TIMSS mostly in appendices.
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Our approach involves estimating education production functions that relate educational outcomes to characteristics in order to identify the relative impact of student, parent and school variables. For both PISA and TIMSS we pool the data over multiple rounds. In the pooled regressions with multiple country observations, we are able to pick out country-specific effects. We also offer alternative specifications that take account of the multilevel nature of the data.
Russian Education in context
The Russian education system, despite many changes, is still coloured by the legacy of the previous system and the incomplete reforms started since 1991. The Soviet system certainly achieved very strong enrolment results. These have subsequently declined.
Between 2003 and 2008 alone gross enrolment rates for secondary education fell from 93 to 85 and for primary education from 117 to 97.
The legacy also included a highly centralised system of control -including of curricula, personnel, management as well as financing. A feature of the changes introduced since 1991 has been the greater devolution of authority by the federal government to lower levels. This has not necessarily been positive. Financial constraints have been significant but have also varied widely across jurisdictions. There has been a creeping de facto privatisation of education. Schools and teachers have commonly imposed fees and levies, while some schools have also launched revenue-earning schemes of a non-educational nature. Some explicitly private institutions have also been established.
The shift to greater decentralisation has been accompanied by great heterogeneity in spending and decision-making across regions and municipalities. For example, in 2001 over 35% of oblasts or regions spent between 500-1000 roubles per student, while just over 10% of regions spent over 1500. There has also been the emergence of special institutions, such as gymnasia, lycees, colleges, outside the basic public system.
While there is considerable debate about the appropriate policies to be pursued, there is relatively broad agreement that Russian education has only weakly focussed on educational outcomes, giving priority instead to standardised measures of inputs. These in turn have been compromised by varying budgetary means across regions. Antiquated curricula, low standards of pedagogy and management have been highlighted. This has led some to promote policies designed to achieve new standards, the overhaul of curricula and teaching methods, more and better assessment of students and greater emphasis on learning outcomes, as well as more autonomy for schools 5 .
Institutionally, the system has maintained a requirement for 10 years of compulsory education. Entry to primary school begins at 7 years, lower secondary at 10/11 years and upper secondary at 15/16 years. As such, basic general education lasts for 9 years. At that point, students can pursue higher secondary or enter a vocational school. The 8 th grade or 15 year reference for the PISA and TIMSS datasets that we use in this paper thus captures students at the end of their lower secondary phase.
Data
We use two complementary data sources -the OECD's Programme for International Freeman et al (2010) note that in the TIMSS, lower inequality in test scores tends to be associated with higher average scores.
Country average scores suggest several initial conclusions. The first is that there are clear and significant differences in how Russia has scored depending on the instrument.
The TIMSS scores give consistently higher outcomes in mathematics and science. This difference may reflect the different survey strategies that have been pursued. In PISA, in particular, although Russia has performed better than most other emerging markets, it has under-performed relative to the main body of OECD countries. The reading score has been particularly weak. Second, with the exception of the TIMSS science score, there has been no improvement in Russian scores since the mid-1990s.
Given the policy objectives of diversifying the economy and raising productivity, a further facet is also troubling. respectively. The gender gap for reading in Russia is -0.39 which is slightly higher than for the whole sample (-0.36) and considerably higher then Brazil (-0.28) or Mexico, (-0.26) . The ratio of male to female top performers in mathematics is also lower than for other emerging markets.
Determinants of Educational Performance

Estimation Strategy
We adopt an educational production function approach. Such a function can most generally be described by;
where y is a vector of educational outcomes and x is a vector of inputs. C is a positive scalar and F represents the educational technology that transforms x into y. Inputs comprise a set of school related factors such as class size, student-teacher ratios, measures of teacher quality and experience. Educational outcomes represent the cognitive development of the student as given by standardised test scores or examination results. If an educational technology changes, the production possibilities frontier can either shift inwards or outwards as F is a strictly quasi-concave, twice differentiable function which forms a convex production set. Educational production functions can be estimated empirically. Frontier estimation aimed at evaluating the performance of schools in relation to the production frontier can be either parametric or non-parametric.
This approach would be particularly relevant when the aim is to identify those schools which have the best possible outcomes for a given level of inputs. An alternative approach, which we rely on in this paper, is to estimate the educational production function using parametric methods in order to examine whether higher resource levels are associated with better outcomes, when controlling for attributes, both individual and family as well as institutional 12 .
Despite being widely used in helping design policy 13 , education production functions have obvious shortcomings. Aside from the matter of getting good, Mayston and Jesson (1999) . 13 See Kann and Kiefer (2007) 14 Goldhaber and Brewer (1997) . 15 See Goldstein (1987 Goldstein ( ), (1995 .
correlation between school resources and achievement 16 . One way of addressing issues of endogeneity is to estimate a model that controls for the pupil's initial ability and socioeconomic background as well as other variables, such as gender and ethnicity.
Information on parents' origin, education and the number of books at home 17 , variables that will not, or are unlikely to, change over time can serve as a proxy for prior inputs, allowing a causal relationship to be imputed 18 .
Aside from family background variables, we could also expect there to be other factors that affect the educational performance of individuals and which may be considered as inputs into the production of education. These include teaching and administrative inputs as well as other institutional factors. The type of relevant variables include, teacher-pupil ratios, measures of teaching experience (such as years), teacher education, library size, number of computers, audio-visual equipment, number and quality of laboratories as well as information on the ownership of the school 19 .
Interestingly, existing research has found a weak or absent systematic relationship between school expenditures and student performance, particularly in developing and emerging markets 20 . Moreover, there may be measurement issues as commonly used variables -such as teacher experience or education -may not be closely correlated with actual ability in the classroom. Similarly, although there is some evidence that students tend to perform better in schools that have autonomy in personnel and day-to-day decisions, measures of autonomy are hard to implement as it is generally a decision for a country (or state) as a whole, leaving no comparison group within countries 21 .
In sum, the educational performance of individuals is likely to be affected by several types of inputs ranging from family background to teaching and administrative inputs as well as institutional factors.
Implementation
We pool the PISA data for four rounds (viz., 2000, 2003, 2006 and 2009) . We include only individual observations from 35 countries that have been included in all rounds, which yield over 405,000 observations. For TIMSS, we pool the data from the first two 16 See Vignoles et al (2000) where there is a wider discussion of the theoretical and empirical strengths and shortcomings of this approach. 17 See Cooper and Chon (1997) , Gyimah-Brempong and Gyapong (1991) 18 Ammermueller (2007) 19 See the discussion in Cooper and Chon (1997) 20 See Banerjee et al (2007); Duflo et al (2009) , Hanushek and Woesmann (2010) 21 See Hanushek and Woesmann (2007) , (2010) rounds (1995 and 1997) share of females in the school, student/teacher ratio, share of certified teachers, ratio of computers to students, whether a school is private or public as well as its location (urban or otherwise) 24 .
To look at whether the explanatory variables affect individuals differently contingent on their position in the educational scores distribution, we also estimate quantile regressions, using the 10 th , 50 th and 90 th . In contrast to the OLS mean regression, a median regression estimator minimizes the sum of absolute errors instead of squared errors. Correspondingly, all other conditional quantile functions minimize an asymmetrically weighted sum of absolute errors 25 . Throughout, we report results from the baseline OLS specification as well as from the 10 th , median and 90 th quantiles.
22 For TIMSS 1995 and 1997, 25 country dummies are introduced; for the later rounds, 36. 23 Results available on request 24 Not that with the TIMSS estimates reported in the appendices, we have slightly different variables available both relative to PISA and across the two panels. 25 For a discussion of the properties of quantile regressions, see Buchinsky (1998) . Applications can be found, inter alia, in Chamberlain (1994) , Eide and Showalter (1998), Fertig and Schmidt (2002) Tables 1a-1c provide results with the PISA data estimated separately for each of the three disciplines. Several things stand out. In the first place, family background variables have a strong, significant association with educational scores. In particular, parents with low education and/or being born abroad has a clear negative association with scores, suggesting that migrants may do systematically worse in tests. This conclusion is reinforced by the finding that speaking the test language at home is also positive and highly significant for all disciplines. This appears to have the largest effect for the lowest quantile. Similarly, having many books at home has a strong positive association with a student's performance.
Turning to the institutional variables, as regards school location, being in a larger towns or city is associated with higher scores in all disciplines. A higher ratio of students to teachers is consistently negatively signed, with the coefficient being larger for the upper quantile. Having a higher share of certified teachers is unambiguously good for test scores across all disciplines, as is having a higher share of girls among the students.
In terms of school ownership, being private has no clear association with educational
outcomes. An indicator of school resources -the ratio of PCs to students -seems to be significantly correlated with reading scores but not robustly with scores in the other disciplines. The results of the pooled regressions are confirmed when implementing using cross sections. Although there are shifts in the size of coefficients across years, the signs are largely stable and congruent with those from the pooled model 26 .
Appendix Tables 1a-1d contain similar estimations for science and mathematics for the pooled TIMSS data. The results broadly confirm the findings from the PISA estimates whether with regard to the sign and significance of family background variables or institutional features of the school. Due to the nature of the available variables, we are able to explore more the effect of greater autonomy, such as a school having its own mathematics or science curriculum. More autonomy seems to be associated with better scores, while budget shortfalls for instructional material act adversely on the test score.
Interestingly, for 2003 and 2007, we can look at school composition effects. We find that having a higher share of disadvantaged children has a clear negative association with 26 These estimates are available on request.
scores. Indeed, the effect of moving from a high (>50%) to a low (<10%) share is both large and highly significant 27 .
We now extend the analysis by looking at how Russian scores relate to the rest of the sample in the pooled dataset. We do this by interacting each of the explanatory variables with a Russia dummy. Table 2 reports the results using only the 50% quantile. It
shows that with regard to most explanatory variables, the interaction terms mostly indicate an amplification of the association between that variable and performance in the Russia case. The exceptions are the number of books at home, the share of certified teachers and the ratio of PCs to students where the signs of the interaction term switch and where each of these variables has a smaller association in Russia relative to other countries.
Within-country estimates for Russia
We now shift the analysis and use only Russian data to look at within-country variation.
We start by running pooled estimations before exploring further some cross-sections.
The latter also allows us to use explanatory variables that are available only in particular years. Unfortunately, although both PISA and TIMSS are collected at a regional level, neither dataset provides region identifiers, except in the case of PISA 2009. Table 3 presents the pooled estimates for mathematics, reading and science using PISA. For brevity, the results for only the 50% quantile are reported. It can be seen that student-specific variables, such as age and gender have explanatory power. Age and being female mostly enters negatively and is often significant. Being female has a clear negative impact on maths scores and to a lesser extent on science scores, at least for the 90% quantile. The reverse is true for reading where females perform better and across the distribution. The variables for the individual or family's migration status are mostly insignificant. However, speaking the test language at home is positive and highly significant for all disciplines. This has the largest effect for the lower quantiles. Having many books at home has a strong positive impact on a student's performance and there is relatively little variation in the coefficient sizes across quantiles. As with the pooled 27 Freeman et al (2010) use the 2007 TIMSS to estimate the relationship between scores and characteristics separately for each country, rather than by pooling. They also find large cross-country variation in the impact of background on educational scores. The Russia coefficients for the amount of books at home and parents' education are not trivial, being at around the median point for the latter. There is a small positive coefficient on the female variable and no apparent effect from the native-born dummy.
country estimates, having a parent with low education predictably exerts a negative and significant effect.
With regard to the institutional variables, the estimations paint a more mixed picture. School location unambiguously affects performance with students located in larger towns or cities doing consistently better 28 . Indeed, performance declines almost monotonically with the size of the location in which the student studies. School size is linked with a small but consistently positive impact on scores while a higher ratio of students to teachers is consistently negative. However, the computer/student ratio is always insignificant, while the share of certified teachers appears to have some positive association only with reading and science. Interestingly, a school being in private ownership is negative and significant. This may result from the fact that outright privatisation of schools has been very limited in Russia (although de facto privatisation of many school functions is widespread) with private schools not offering any quality premium.
Looking at this evidence for Russia, variables capturing the student's background, as well as school or institutional features are, as in the pooled cross-country estimates, important in individual performance. Students whose parents are poorly educated and/or have fewer books at home do unambiguously worse at these tests, while being schooled in a village or small town also has a negative association with performance. Resource based views gain some credence, in that fewer teachers and, in some cases, fewer certified teachers have a deleterious effect on scores. Private ownership also has a negative effect. With TIMSS data, Appendix Tables 2a-2b report results that are largely consistent with those using PISA.
In an extension of this analysis using Interestingly, greater autonomy by these measures has no evident impact on scores suggesting that decentralisation has not necessarily yielded beneficial results. Indeed, both private ownership and delegation appear not to have had any significant positive effect on scores in Russia.
We also explore the sub-national dimension using the 2009 PISA data where region or oblast identifiers are available 29 . As shown by the distributional plot of the mathematics scores in Figure 8 , the main cities of Moscow and Saint Petersburg largely dominate other regions. This is also confirmed by quantile and OLS regressions where a dummy for the city of Moscow and Saint Petersburg is positive and significant, indicating that students in these cities perform consistently better then students from other regions 30 .
Finally, the quantile regressions generally suggest that there are relatively few statistically significant differences between different parts of the performance distribution regarding the impact of individual and family background variables. Estimating interquantile differences -specifically the 90%-10% difference -for the different discipline In Russia, PISA is implemented in a three stage sampling. In the first stage, geographical areas are sampled using probability proportional to size sampling. In the second stage, schools are sampled and finally, students are sampled within schools. 30 Results available on request 31 For brevity, we do not report the results from the inter-quantile differences for reading, mathematics and science estimated using both PISA and TIMSS data.
the case of reading, the ratio of computers to students. With TIMSS, some of the location variables matter differentially as does shortage of teaching materials.
What do the Russian estimates tell us that are different from the pooled, crosscountry estimates? The answer is that the same individual and family background variables have explanatory power but it is with respect to the school or institutional features that differences enter. In particular, private schools have no positive impact on scores, the effects of teacher certification are either absent or weak, while the impact of financial resources -whether in aggregate or disaggregated -has a smaller and less significant association than in the larger multi-country estimates. Other factors, such as the student/teacher ratio, the share of girls, the location of the school and the share of disadvantaged students maintain similar signs and significance as in the larger sample.
With the TIMSS data, having some autonomy over the curriculum is associated with better mathematics and science scores.
Multilevel specification
PISA and TIMMS have a multistage sampling design where schools are sampled first followed by students. As such, the dataset has multi-levels that may be selected with unequal probabilities that may make estimates, such as those we have used above, biased.
One way to deal with this is to use sampling weights in a multilevel linear model 32 , aimed at modelling the natural clustering of observations in groups (e.g. students in schools).
Below, we use a two level random intercept model where the response y ij of unit i in cluster j can be specified as follows,
x ij ' and z ij ' are vectors of the explanatory variables, β are the fixed regression coefficient and ζ j are the multivariate random effect varying over cluster. β contains cluster specific effects of the covariates x given the random effects ζ j . An indicator of autonomy -whether a school can develop its own math and science curricula enters with a strongly positive and significant sign.
Conclusion
Our paper has used two large datasets of educational scores -PISA and TIMSS -with we analyse only the Russia data, pooling across years. As a cross-check, we also estimated discrete regressions using the cross-sectional evidence. Finally, we explicitly took into account the multilevel nature of the data and estimated using random intercepts and school weighting. The results were broadly consistent with our earlier estimates.
Clearly measuring educational achievements across and within countries is challenging for a variety of reasons, some of which we have mentioned above. The crosscountry descriptive statistics highlight -particularly in the case of PISA -that Russia suffers from a relative weakness in reading skills. There has been no improvement over time. In both mathematics and science, Russian scores are un-trended and remain slightly below the OECD core. Moreover -and likely to be particularly relevant when discussing the scope for innovation -top performers account for a relatively low share of students in all disciplines with either a deterioration over time (as with mathematics) or no discernible trend. Put in cross-country perspective, the share of top students in all disciplines has remained very significantly below the leading Asian and European 33 TIMSS results available on request countries, although superior to another leading emerging market, Brazil. Further, in PISA particularly, there is a relatively large dispersion in scores across all disciplines for Russia. While scores from TIMSS show relatively strong performance in both mathematics and science this may be because of the way they are measured, viz., being related to the current curriculum. Given the problems that have been widely reported with the curricula 34 , these scores may flatter.
The paper is able to pin down a robust association between scores and characteristics in common with findings from the wider literature. For the pooled cross country estimations using PISA, we find clear evidence that educational outcomes are robustly correlated with a number of individual and family background variables. For the latter, in particular, the number of books at home and parents' educational level has a strong association. The evidence regarding institutional factors pins down the importance of location -with an unambiguous negative association between scores and size of the location in which a student resides, as well as the student-teacher ratio and the share of certified teachers in a given school. The evidence from TIMSS largely confirms these results with some extensions, due to the nature of the available variables. In particular, measures signalling greater autonomy at the level of the school and the intensity of classes are positively signed and also significant.
When turning to the Russia data from PISA and TIMSS and looking at the within country variation, we find some similarity with the base estimates using the cross-country evidence. Thus, broadly the same individual and family background variables have explanatory power but it is with respect to the institutional measures that the picture becomes more mixed. Location -as in the multi-country sample -matters, while school size seems to have a positive association. Ownership has no significance, although this may well be related to the fact that the number of de jure private schools in Russia is fairly small. There is also some support for a resource-based view in that fewer teachers have an adverse association with scores. The student-teacher ratio is consistently significant.
Indeed, looking at the marginal effects in cross-sectional estimates using the Russia PISA data, we found that the elasticity was around -0.1. The cross-sectional evidence also identifies -using a number of variables -greater autonomy, notably with respect to curriculum setting, as being positively related to scores. The quantile regressions suggest relatively few significant differences across the distribution, whether from individual, family or institutional factors. Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1; Year and Grades dummy included but not reported. 
